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1 Introduction

The Day/Night Band (DNB) sensor of the Visible Infrared Imggradiometer Suite (VIIRS), dvoard

the SuomiNational Polatorbiting Partnership (8IPP) and Joint Polar Satellite System (JPSS) satellite
platforms, provideglobal daily measurements of nocturnal visible and-ndeaired (NIR) light that are
suitable forEarth system science and applicatishglies. The VIIRS DNB's ultraensitivity in lowlight
conditions allovs for the generation of new sciengeality nighttime productasaresult ofsignificant
improvements to sensogsolution and calibration compared to those provided previously [yefemse
Meteorological Satellite Program's (DMSP) generation of nighttime lights imagery. These improvements
allow us to better monitdsoth the magnitude and signature of nighttime phenomena and anthropogenic

sources of light emissions.

Since the launcbf the SNPP satellite in 2011, multiple studies have used the VIIRS DNBegwimary
data sourcén a wide range o$tudytopics.Theyinclude: (1) feature extraction techniquesietect

severe weather impacts to urban infrastructure (Cao et al., @0I8et al., 2017; Mann et al., 2016;
Molthan and Jedlovec, 2013); (2) detection of-pikel scale features, e.g., fires (Polivka et al., 2016),
shipping vessels (Asanuma et al., 2016; Elvidge et al., 2015; Straka et al., 2015), lightning flashes
(Banket et al., 2011), surface oil slicks (Hu et al., 2015), and gas flares (Elvidge et al., 2015; Liu et al.,
2017, Liu et al., 2017); and (3) techniques for monitoring nighttime atmospheric optical properties,
including clouds (Minnis et al., 2016; Waltheragt 2013), aerosols (Johnson et al., 2013; McHardy et
al., 2015), particulate matter (Wang et al., 2016), and gravity waves in the upper atmosphere via
nightglow (Miller et al., 2015).

As with early research that utilized tBMSP's Operational Line Scanner (OLS) (Huang et al., 2014),
recent studies using the VIIRS DNB have employed statistical analyses and correlation discovery
methods to confirm established empirical relationships with a wide range of Himfeoh patterns and
processesTheyinclude socioeconomic variables (Chen and Nordhaus, 2015; Chen et al., 2015; Levin
and Zhang, 2017; Li et al., 2013; Ma et al., 2014; Shi et al., 2014; Yu et al., 2015), as well as changes
driven by urban expansion (Guo et al., 2015; Shatnah,2016; Shi et al., 2014), energy use (Coscieme
et al., 2014; Roman and Stokes, 2015), and carbon emissions (Oda et al., 2017; Ou et al., 2015).

To realize the full potential of the VIIRS DNB time series recOlASA has developed new suite of
standrd productshat represent the current stafiethe-art in nighttime lights (NTL) applications

N A S AHRlagk Marble product suite (VNPA8J146. NASA's Black Marble nighttime lights prodyett
15 aresecond spatiaksolution,is availablefrom January R12-presentwith data fromthe VIIRS DNB



sensorThe VNP46VJ146productsuiteis being processed on a daily basis withih Boursof
acquisition, which enables both neaattime uses and lonterm monitoring applicationghe
VNP46VJ146product suite includes the dailys¢nsotop of atmospher€l OA) nighttimelights (NTL)
product (VNP46A1VJ146A1), daily moonlightadjusted nighttime lightsroduct (VNP46A2VJ146A2),
monthly moonlightadjusted nighttime lightsroduct(VNP46A3/VJ146A3, and yearlynoonlight
adjusted nighttime lightgroduct(VNP46A4/VJ146A4. The retrieval algorithm, developed and
implemented for routine global processing at NASA's Land Science Igatstied Processing System
(SIPS), utilizes all higiguality, cloudfree, atmospheri¢terrain, vegetation, snow, lunar, and stray
light-correctedradianceo estimate daily nighttime lightand other intrinsic surface optical properties.
The VIIRS Hack Marble product has been used for global mapping of human activity patterns, such as
tracking shipping and fishing vessels, flages in addition to their application to humanitarian efforts,

such as assessment of conflssociated demographic clgas and mapping impoverishment.

Thisuserguide provides an overview df A S Ariew VIIRS Level 3Black Marble nighttime lights
product suite (VNP46) to users. This document describes the theoretical basisafgotitems the
operational processing, evaluation and validation of the product, and lemeesdhe product.

Additional detailsare avdablein related publicatiosin section 10

2 Algorithm

2.1 Overview of the Algorithm

N A S Adperational Bhck Marble product suit@gests multiplesourceinput datasets and ancillary data
to output the highest quality pixbhsed estimates of NTL. These NTL estimates are accompanied by
pixel-level quality flags. The principal features of the algorithmsamamarized in the following sections.

More details of thalgorithmare availablén related publications isection 10.

NASAS Black Marble algorithm produces clodicceimageshathavebeen corrected for atmospheric,
terrain, lunar BRDF, thermal, and straylight effects. The corrected niglrdiience resulting in a
superior retrieval of nighttime lights at short time scales and a reduction in background noiss, enable
guantitativedetection andanalyses of daily, seasonal and annual variatideg.algorithm enhancements
include: (1) lunar irradiance modeling to resolve-tiorar changes in phase and libration; (2) vector
radiative transfer and lunar bidirectional surface anisotnafiectance modeling to correct for
atmospheric antidirectional reflectance distribution functigBRDF) effects; (3) geometrioptical and
canopy radiative transfer modeling to account for seasonal variations in NTL; and (4) tempditkhgap

to redwce persistent data gaps.



2.2 Atmospheric Correction

NASA6s Bl ack Marble retrieval strategy combines d:
surfacealbedo,nadir BRDFadjustedreflectance (NBAR), antunar irradiance values to minimize the

biases caused by extraneous artifacts in the VIIRS NTL time series record.

Using this novel Aturni ng Bdurkel, theupvarisurdaoeadiarrce pr oac h,
from artificial light emissionslLyr. [units of nWatts-cri?-sr' '], can be extracted from-aensor nighttime

radianceat TOA, Long, using the following equation:
L= —— p O— " 0 Y t— T0uw — 1)

whereLpan is the nighttime path radiancee(, the radiance generated by scattering within the

atmosphere), anal 4 is the VIIRSderived actual (oblue-sky) surface albeddncorporating the

directional influence of sky radiance and multiple scattering effects between the ground and the

atmosphere (Roman et al., 2010). For the latter, a snow albedo retrieval scheme is used if the VIIRS

current day snow status flag is activh{&lein and Stroeve, 2002ju et al., 2017Liu et al.,

2017;Moustafa et al., 201 %ang et al., 2012Py( W is the probability of the upward transmission of

NTL emissions through the urban vegetation candpfined in Equatiod. The atmospheric bascatter

i's gi wandTA§ YandTy(() Ware the totafransmittancgincluding direct and diffuse radiation)

along the lunaground and groundensor pathsespectively. The latter two are a function of iew

illumination geometry and the totatmospheric columaoptical dept{ U) due t o mi xed gase
vapor, andaerosol particles. The retrieval uses a modified algorithm based on the VIIRS Surface

Reflectance product (VNPOQ9) to estimate the valuds@f o, TA(U Wf andTy(Q Jifor a given set of

surface an@tmospheric condition®oger et al., 2016&kakun et al., 2018). Additional input datasets

include the standard VIIRS Cloud Mask (VCM) (Kopp et al., 2014), atmospheric profiles obtained from
theNational Centers foEnvironmental Prediction (NCEP) modek(, water vaporpzone, and surface

pressure) (Moorthi et al., 2001), and the VIIRS aerosol model combined with dagtdagtime
averageaerosolopticaldepth (AOD at0 . 550 em t o extrapolate the night
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Figure 1 Overview of NASA's Black Marble retrieval strate@y., Equation 1)During the ~50% portion of
thelunar cyclewhen moonlight is present at the timesafellite observation, the surface upward radiance from
artificial light emissionslLyr. [units of nWatts-cri?-sr 1], can be extracted from-aensor nighttimeadianceat

TOA (Long). Lpanis the nighttime path radiancg, 4 is the VIIRSderived actual surfacdbedo. The atmospheric
backscatt egTHi &) addTiy(y gare theyotalfansmittancealong the lunaground and groundensor
paths (respectively).yP Wis the probability of the upward transmiss@fiNTL emissions through the
urbanvegetation canopy.

2.3 BRDF Correction

The Black Marblealgorithm estimates the actual moonlight, aerosol, and surface albedo contribution
through analytical BRDF model inversion. This model has proven effective in removing biases

introduced by extraneous sources of nighttime light emissions.

The surface BRDRyr reflectance anisotropy is governed by the angle and intensity of illumifiation
whether that illuminatiofs solar or lunar or fronairglowi and by the structural complexity of the
surface, resulting in variations in brightly illuminated regions lsigly shadowed areas. The semi
empirical RossThick.iSparse Reciprocal (RTLSR, or Rels§ BRDF model Roman et al.,

201Q Roujean et al., 199&chaaf et al., 2005chaaf et al., 203 Btrahler et al., 1999s advantageous
in this regard since (1) it is the most likely kerdelven mmbination to capture the wide range of

conditions affecting the VIIRS DNB on a global basis; (2) it allows robust analytical model inversion

4
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with a pixetspecific estimate adheuncertainty in the model parameters and linear combinations thereof
(Lucht and Roujean, 20p0and (3) the scheme is flexible enouglallow us to easily adapt other kernels

should any become available, and demonstrate its supefarayparticular scenario.

For VIIRS DNB acquisitions over sneffee and snowovered surfaces, we define the spectral radiance

contribution from moonlight,.n,

=ID I'rIOHTID he % ” =| =1|1-IOHTID he "Hi b )

in terms of the Roski model:

I4 radofk he 'Hﬂ“% B.o B.ol. i, Kooyl ®

Here, we define the wavelength for therrowband nst r u ment of i nt er eoft as t he
the VIIRS DNBspectral ban@.50 . 9 e m] . fs<lP8)y aimet €ehe i sotropic scatt
equal to the bidirgtional reflectance for a pixel viewirmgnithanglel, = 0 and a | unar zeni
dn = 0. Rya(rsaymei tse rer o theLiSpafséeciproical geometric scattering kerigk,,

derived for a sparse ensemble of surfeagtingshadows on a Lambertian backgroubdand Strahler,

1992. Parametefo( S) i s the coefficient f or Kb,Bozal&®dosits Thi c k

assumption of a dense leaf canoRpg$s, 201

To achieve a higlguality BRDF retrieval, NASA Black Marble algorithm collects all available

daytime, atmosphericallgorrected, VIIRS DNBvidirectional reflectanctactor (BRF) over a multidate

period (normally 16days) to establish the analytical solution for the ROEBRDF model parameter
valuesfu( s ) . Not e t Hreetnighdsuwhénmatghosphericgow is the dominanemission

source the VNP46 algorithnsets the illumination geometry to ngara d inr= (1d0 AJunaand t he
irradiance t&Ex( s ) = 07 %2ido eral/ROMB This enables a BRDEorrection even in the

absence of moonlight.

2.3 Seasonal Vegetation Correction

Another known source of uncertaintyrietrievingsatellitederived NTL is the influence of canofigvel
foliagewithin the grouneto-sensor geometry patR¢man and Stokes, 201 T his effect, which has been
shown to reduce the magnitude of NTL at gitigle scalesl(evin, 2017 Levin and Zhang, 2037is most
pronounced in temperateban regionswhere mixed and deciduous vegetation are masgp&e. Given
its seasonal dependence, this occlusion effect (obscuration of surface light by foliage) should be

proportional in magnitude to the density amgdtical distributionpattern of leaves within a given VIIRS

5
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DNB pixel. Hence, while the effect may be Alamear (due to the confluence of factors that control the

seasonality, physiognomy, and verticatdbution of urban vegetation canopies), the effect can be

parameterized using analytical mode¥hich aim to retrieve canopy structure parameters from multi

angleremote sensindata Chopping,2006. With this concept in mind, we are employing a vegetation

di spersion parameter, known as the clumping index.
foliage within distinct canopy structureSHen et al., 2008Chen and Black, 199Jiao et al.,

2018 Leblanc et al., 200Nilson, 197):

b Po w7 TR 0

Here,Py( Wis the probability of the upwatdansmission of NTL emissions through the urban vegetation
canopy (known as the gap fraction probability and hereafter termé&yeguation) G( Wlis
theextinction coefficienthat expresses the mean area projection of plant elements in the direction

d, (being 0.5 for canopies withrandom distributiorof leaf angles), antAl is theLeaf Area Index.

ThePgap equation can be inverted from available daily VIIRS BRi¥fived clumping index values, as
done inHill et al. (2011)andHe et al(2012). The VIIRS LAl retrievals are based on the curséamdard
product(VNP15) (Park et al., 2017). In case of pgpality or missing LAl valuesg(g., when LAl is not
retrieved over dense urban areas), we are employing the VIIRS LAI backup aldoyitiging dook-up
table (LUT) (Knyazikhin et al., 199%iao et al., 2016) witmormalizeddifferencevegetation

index(NDVI) generated from higlguality retrievals from the VIIRS NBAR product (Shuai et al., 2013).

2.4 Monthly and Yearly Nighttime Light Composite

Monthly and yearlyNTL composits (Wang et al., 2022are generated from daily atmosphericadiind
lunarBRDF-corrected NTL radiance t@move the influence of extraneausifacts and biaseSITL

outliers are excluded accordingBoxplot metric§Tukey 1977) The observations that fall out of the
range ofQ1-1.5*IQR and Q3 + 1.5*IQR are identified as outliarsd excluded frorthe NTL composite.
Interquartile range (IQR) scorethe rangéetween 2t (Q1l)and the 75t{Q3) percentile Unlike Z-
score(Kreyszig1979) the IQR score method does not require normal distribution of the observations.
The monthly angrearlyNTL composite ar¢hencalculated from the mearaluesof the remaining
observationsTo removeanyresidual background noise, the NTL composgékies withradiance less

than 0.5nW-cm?-sr! areset to zeroAurora-contaminated pixels are filled with gdified values.

User s s houl dficidl kghtadersvad éomtVHRSIDNEadatahowa strong angular effect
(Li et al., 2019 Wang et al., 2021 impacting retrievals, particularly across dendgan centeywhere

NTL radiance at naditan be significantly highe¢han offnadir observations. The presence of nighttime
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snow also enhances the scattering of reflected NTL due tndieasedurface reflectancéccordingly,
NASAG6s Bl aromkhlydrad ydadyNdL compostes are generated fanultiple viewangle
catkgories (i.e., neamadir, offnadir, and all angles) and snow status (swowered and snodree) along
with ancillary metrics of standard deviatighe number of observations, and mandatory QA flaggers
are encouraged tarefully usghese NTL compsite values (either separately or jointly) to meet their
specific science research and application needs.

3 Data Product Formats

NASA's Black Marble product suite includes the daihgansor TOA nighttimeadiance
(VNP46A1VJI146A)), the daily moonlight and atmosphererrected NTL (VNP46A&/J146A2),
monthly moonlight and atmospheterrected NTL (VNP46A8/J146A3, andyearly moonlight and
atmosphereorrected NTL (VNP46AA/J146A4) products ab 15arcsecondyeographidinear
latitude/longitude @tlon) grid. Thedata are provided in the standard |&tidrarchical Data Format
EarthObserving $stem(HDF-EOS) format.

3.1 Metadata

Metadata data #&ributes) provide informatioaboutdataacquisition, input products, geographic location,
theoutputof the data producsatellite instrumenprocessing environment, and other aspects of the
retrieval More details oflhie VNP46A1VJ146A1 VNP46A2VJ146A2 VNP46A3VJ146A3 and
VNP46A4VJ146A4productmetadatare listed in Appendix AB, C, and D

3.2 Filenames

The filenames follow a haming conventjavhich gives useful information regarding the specific
product.Forexamplethe filename VNP46A1.A2015001.h08v05.001.2017012234f6Adicates:

(1) VNP46AL1: Product Short Name;

(2) A2015001: Julian Date of Acquisition {XYYYDDD);

(3) h08vO05: Tile Identifier (horizotalXXverticalYY);

(4) .001: Collection Version;

(5) .2017012234657: Julian Date of Production (YYYYDDDHHMMSS);
(6) .h5: Data Format (HDBS).



3.3 Projection

NASA's Black Marble product suitemploys the standard VIIRS science algorithms and software that
produce the DNB standard (radiadz@sed) products, and their corresponding ancillary layers in gridded
(Level 2G, Level 3Jinearlation format Figure2). The gridding algorithms were modified to work with
the VIIRS DNBS anique viewing geometry, which, unlike the VIIRS moderate and imagery bands, has a
ground pixé&footprint at a nearly constant size (742 m). The rationale behind the VIIRS DNB gridding
approach is to select the nighttime observations from availatie 8wath granules (2366 km along

track, ~3100 km acrogsack), that ar®f high quality as indidad by the quality flags, aratethe least
affected by cloud cover and affadir viewing observations. The goal is to increase siggrabise, while
maximizing coverage within a cell of the gridded projection (Tan et al., 2006; Wolfe et al., 2002). By
implementing this combined gridding strategy gedgraphidinearlation projection formats, we seek to
improve the efficiency of processing and reprocessing the VNP46 product suite, preserve the satellite
location and observation footprints, while alsalgeimg the ingest of the products into accessible software

for geographic information syster®(S)-friendly analysis and mapping.

h———
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Figure 2 The SuomiNPP VIIRS linear latitude/longitude (or geographic) grid consists ohd8verlapping
Land tiles which measure approximately 10°x10° region.

4. Product generation
Data product inputs to NASABlack Marblealgorithm are listed iTable1 andTable2. The algorithm

processing flow is depicted Figure3. The algorithm processing cycle is divided into daytime and



nighttime branches, and each processing branch produces a unique set of ancillary arasguiitge

(QA) flags.
Table 1 Black Marble VNP46A1 product input files
Input File Description
VNPO2DNB VIIRS/NPP Day/Night Band-8/in L1B Swath 750m (L1B DNB)
VNP02MOD VIIRS/NPP Moderate ResolutiorMin L1B Swath 750m (L1Bnoderate bands|
NPP DNBN VIIRS L2G DNB radiance
NPP DNBN angl€'s VIIRS L2G DNB angles
NPP MOD VIIRS L2G moderate bands M10, M11, M12, M13, M15, M16
NPP PTDN VIIRS DNB pointer files
The standard VIIRS Cloud Mask (VCM VIIRS cloud mask

*IP products.

Table 2 Black Marble VNP46A2 product input files

Input file

Description

VNP46A1

VIIRS/NPPTOA Daily Gridded Day Night Bantinear Lat Lon Grid Night

VNP43LGDNBAL1

VIIRS/NPP DNB BRDF/Albedo ModdParameters Daily L3 Glob&LL Grid

VNPLGO9GA

VIIRS/NPP Surface Reflectaa Daily L2G GlobaLinear Lat Lon Grid

VNPO4LGA

VIIRS/NPP Aerosols Optical Thickness Daily L2G Global Linear Lat Lon ¢

Table 3 Black Marble VNP46A3roduct input files

Input file

Description

VNP46A1

VIIRS/NPPTOA Daily Gridded Day Night Bandinear Lat Lon Grid Night

VNP46A2

VIIRS/NPP Moonlight and Atmosphere correcfedily Gridded Day Night Bantlinear Lat Lon Grid Night

Table 4 Black Marble VNP46A4roduct input files

Input file

Description

VNP46A1

VIIRS/NPPTOA Daily Gridded Day Night Bandinear Lat Lon Grid Night

VNP46A2

VIIRS/NPP Moonlight and Atmosphere correctedily Gridded Day Night Bantlinear Lat Lon Grid Night




Terrain-Corrected Precipitable Water

from VIIRS
Geolocation Pointers ( ) Total Column Ozone

and Surface Pressure
(from NCEP)

NASA L1B
Radiances &
Geometry

Cloud Mask

Write Daily &
Multi-Date NASA
Black Marble L3
Outputs

Aerosol Optical Metadata

Thickness (AOT)
[Nighttime Branch] [Daytime Branch]

DNB TOA Reflectance, Geometry
/ Cloud Mask, AOT

PrecipWater, ColumnOzone,

SurfPressure, SurfReflect_Coeffs

Atmospheric
Correction

DNB TOA Radiance,

Geometry,

Overpass Time DNB TOA Radiance,
Cloud Mask, AOT,

Geometry, TIR Channels
Miller DNB Lunar
Irradiance Model DNB Level 2
Surface
Gridding Reflectance,
Algorithms
DNB Irradiance

QA Flags

DNB TOA Radiance, Cloud Mask, QA Flags, Metadata Write DNB L3 Daily
Geometry, AOT, BRDF/Albedo/NBAR
Cloud Mask, QA Flags, Level 2G Reflectance, NDVI, Outputs

TIR Channels NDSI, DNB Geometry, QA Flags
Leaf Area Index

1-day
update
Daily DNB BRDF,
Albedo, NBAR,
Clumping Index,
QA & Snow Status

Daily
BRDF/Albedo/NBAR

Atmospheric, BRDF,
Pgap correction,

Daily Nighttime Lights (NTL), QA Flags, Uncertainty, and Metadata

Figure3Al gori t hm processing cycl e an cckdMarbldprotuatswie par amet er

For the daytime branch, science prodyemeratiorexecutables (PGEs) based on the standard suite of
VIIRS land products are integrated as part of NASA's Black Marble processing chain. First, a modified
version of the operational VIIR& rfacereflectance algorithm (Roger et al., 2016; Vermote et al., 2014)
is used to generate the DNB surface bidirectional reflectaicter (BRF) using NASA's Level 1B

calibrated radiance product as input (i,emé nut e granul es, or 23Kt km al on
acrosstrack). Level 2G DNBsurface eflectancds then generated by performing spatial and temporal
aggregation to 15 arsecondyrid cells over daily time periods (Campagnolo et al., 2016; Pahlevan et al.,
2017; Wolfe et al., 1998; Yang and Wolfe 04(. Daily Level 3 DNB BRDF/Albedo data are then

retrieved using the heritage MODIS/VIIRS algorithm (MCD43/VNP43) (Liu et al., 2017, Liu et al., 2017;
Wang et al., 2018), and correspondimgw flags are estimated using the VIIRS Normalized Difference
SnowlIndex (NDSI) algorithm (VNP10) (Riggs et al., 2016, Riggs et al., 2017). The NDVI and NDSI
values are used to determine the growing, dormant, and snow periods to routinely upalatéotihe

global database of the DNB BRDF product (Cescatti et al., 20d2t al., 2017, Liu et al., 2017; Roméan

et al., 2009). Surface BRF from the VIIRS I1 (red) and 12 (NIR) chammaked to obtain daily estimates
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of LAI (Knyazikhin et al., 1999; Park et al., 2017; Xiao et al., 2016). The retrieved LAl and clumping
index values are then used to calculate the gap fraction probability (Rgd@)that the vegetation

correction is not applied in Black Marble Collection 1 producegsiestedby theend users.

The nighttime branch describes the path followed to generate the final VNP46 products. We begin with
the atsensor TOA nighttimeadiancg VNP46A1), along with the corresponding nighttime cloud mask,
multiple solarAiewinglunar geometry values (includimgoonrilluminated fraction and phase angles),

and the daily snow and aerosol status flags. Thaeacedatasets (SDS) enable open access to the
primary inputs used to generate NA&Black Marble NTL timeseries recordhus ensuring

reproducibility of he final outputsA series of temporal and spatial g@png techniques are also
employed to improve the coverage of the VNP46 NTL product.

5 Scientific Data Sets(SDSs)from Black Marble Product Suite

5.1 The VNP46A1/VJ146A1 Daily At-sensor TOA Nighttime Lights Product

The daily atsensor TOA nighttiméghts productis available at 15 arsecond spatiaksolutionfrom
January 201®nward VNP46A1VJ146A1 product contains@SDSlayers(Table3) including sensor
radiance, zenith and azimuth angleseisor, solar, and lunar, cloud mask flag, time, shortwave IR
radiance, brightnedgemperatures, VIIRS quality flags, moon phase angle, and moon illumination
fraction.Contents of VNP46ANJ146A1 product are given ihist 1. Table3 presents detailed
informationonthelayers Table4 andTable5 present the details diieflag description keyand quality
flags (QF) of the VNP46A1VJ146A1 product.

List 1 Datasetsn asampleof VNP46A1/VVJ146A1product.
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~ @ HDFEOS
~ @ ADDITIOMAL

Q) FILE_ATTRIBUTES

~ @ GRIDS

v @ YNP_Grid_DNB
~ @ Data Fields

@ BrightnessTemperature_M12
& BrightnessTemperature_M13
& BrightnessTemperature_M15
& BrightnessTemperature_M16
B DNE_AT_Sensor_Radiance_b00m
& Glint_Angle

B Granule

B Lunar_Azimuth

B Lunar_Zenith

B Moon_lllumination_Fraction
& Moon_Fhase_Angle

@ QF_Cloud_Mask

@ QF_DNB

& QF_VIIRS_M10

B QF_WIIRS_M11

B QF_WIIRS_M12

B OF_WIIRS_M13

B COF_VIIRS_M1B

& QF_VIIRS_M1B

8 Radiance_M10

& Radiance_M11

B Sensor_Azimuth

B Sensor_Zenith

B Solar_Azimuth

& Solar_Zenith

B UTC_Time

~ @ HDFEOS INFORMATION

StructMetadata.0

Table 3 Scientific datasets included in the VNP46¥%1146A1daily atsensor TOAighttimeradianceproduct

Scientific Datasets Units Description Bit Types Fill Valid Scale Offset
(SDSHDF Layers) Value Range Factor
DNB_At_Sensor_Radian nW-cn?sr! | At-sensor DNB | 16-bit 65533 | 0-65534 | 0.1 0.0
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ce radiance unsigned
integer
Sensor_Zenith Degrees Sensor zenith 16-bit signed | -32768 | -9000- 0.01 0.0
angle integer 9000
Sensor_Azimuth Degrees Sensor azimuth | 16-bit signed | -32768 | -180007 0.01 0.0
angle integer 18000
Solar_Zenith Degrees Solar zenith anglg 16-bit signed | -32768 | O7 18000 | 0.01 0.0
integer
Solar_azimuth Degrees Solar azimuth 16-bit signed | -32768 | -180007 0.01 0.0
angle integer 18000
Lunar_Zenith Degrees Lunar zenith 16-bit signed | -32768 | 07 18000 | 0.01 0.0
angle integer
Lunar_Azimuth Degrees Lunar azimuth 16-bit signed | -32768 | -180007 0.01 0.0
angle integer 18000
Glint_Angle Degrees Moon glint angle | 16-bit signed | -32768 | -180007 0.01 0.0
integer 18000
UTC_Time Decimal UTC time 32-bit floating | -999.9 0 24 1.0 0.0
hours point
QF_Cloud_Mask Unitless Cloud mask 16-bit 65535 0-65534 | N/A N/A
status unsigned
integer
QF _DNB Unitless DNB quality flag | 16-bit 65535 0-65534 | N/A N/A
unsigned
integer
Radiance_M10 W-m?L ¢-m | Radiance in band| 16-bit 65535 0-65534 | 0.0013 | -0.04
1-srt M10 unsigned
integer
Radiance_M11 W-m2: ¢-m | Radiance in band| 16-bit 65535 0-65534 | 0.00058| -0.02
1-srt M11 unsigned
integer
BrightnessTemperature_| Kelvins Brightness 16-bit 65535 0-65534 | 0.0025 | 203.0
M12 temperature of unsigned
band M12 integer
BrightnessTemperature_| Kelvins Brightness 16-bit 65535 0-65534 | 0.0025 | 203.0
M13 temperature of unsigned
band M13 integer
BrightnessTemperature_| Kelvins Brightness 16-bit 65535 0-65534 | 0.0041 | 111.0
M15 temperature of unsigned
band M15 integer
BrightnessTemperature_| Kelvins Brightness 16-bit 65535 0-65534 | 0.008 | 103.0
M16 temperature of unsigned
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band M16 integer
QF_VIIRS_M1¢ Unitless Quality flag of 16-bit 65535 0-65534 | N/A N/A
band M10 unsigned
integer
QF_VIIRS_M1?% Unitless Quality flag of 16-bit 65535 | 0-65534 | N/A N/A
band M11 unsigned
integer
QF_VIIRS_M12 Unitless Quality flag of 16-bit 65535 | 0-65534 | N/A N/A
band M12 unsigned
integer
QF _VIIRS_M13 Unitless Quality flag of 16-hit 65535 0-65534 | N/A N/A
band M13 unsigned
integer
QF_VIIRS_M153 Unitless Quality flag of 16-hit 65535 0-65534 | N/A N/A
band M15 unsigned
integer
QF_VIIRS_M16 Unitless Quality flag of 16-bit 65535 0-65534 | N/A N/A
band M16 unsigned
integer
Moon_Phase_Angle Degrees Moon phase 16-bit signed | -32768 | O 18000 | 0.01 0.0
angle integer
Moon_lllumination_Fract| Percentage Moon 16-bit signed | -32768 | O 10000 | 0.01 0.0
ion illumination integer
fraction
Granule Unitless Number of 8-bit unsigned| 255 0-254 1.0 0.0
selected Granule | integer

! Note thatthe need to usil -values can arise from various scenarios such as bad quality data or if the solar zenith angle < 108

degrees since that is the nighttime-offtused in the codé.Details of QF _Cloud_Mask are shown in Ta#le’ The scale and

offset arefor nighttime Usersshouldcheck theguality flags andnetadata for specific valugsDetails of QF_DNB andQF for
VIIRS bandM10/11/12/13/15/1@re shown in Tablb.

Table 4 Value of QF_Cloud_Mask in the VNP46ALI146A1product

Bit | Flag description key

Interpretation

0 DayMNight

0 = Night
1 = Day

1-3 | Land/Water Background

000 = Land & Desert
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001 = Land no Desert
010 = Inland Water
011 = Sea Water

101 = Coastal

4-5 | Cloud Mask Quality 00 = Poor

01 = Low

10 = Medium

11 = High

6-7 | Cloud Detection Results & Confidence Indical 00 = Confident Clear
01 = Probably Clear
10 = Probably Cloudy
11 = Confident Cloudy

8 Shadow Detected 1=Yes
0=No
9 Cirrus Detection (IR) (BTM15% BTM16) 1 = Cloud
0 = No Cloud
10 | Snow/ IceSurface 1 = Snow/Ice

0 = No Snow/Ice

Table 5 Value ofQF_DNB andQF of VIIRS bandM10/11/12/13/15/1n the VNP46A1VJ146A1product.

SDS Layer Flag Mask Values and Descriptions
QF_DNB 1 = Substitute_Cal

2  =0ut_of Range

4 = Saturation

8 =Temp_not_Nominal

16 = Stray_light

256 = Bowtie_DeletefRange_bit
512 = Missing_EV

1024 = Cal_Fail

2048 = Dead_Detector

QF_VIIRS_M10| 1 = Substitute_Cal

QF VIIRS M11| 2 = Out_of_Range
QF_VIIRS_M12| 4 = Saturation
QF_VIIRS_M13| 8 = Temp_not_Nominal

QF _VIIRS _M15| 256 = Bowtie Deleted
QF VIIRS_M16 | 512 = Missing_EV
1024 = Cal_Fail

2048 = Dead_Detector




5.2 The VNP46A2VJ146A2 Daily Moonlight -adjusted Nighttime Lights (NTL)
Product

The daily moonlight and etospherecorrected NTLis available afl5 aresecondesolutionfrom January
2012presentThe VNP46A2VJ146A2product has Tayers containing information on BRBEderrected
NTL, Gapfilled BRDF-corrected NTLJunar irradiancemnandatory quality flag, latest higfuality
retrieval (number of days), snow flag, and cloud mask Tamtents of VNP46AX/J146A2product are
given inList 2. The detakd VNP46A2/VJ146A2layerproperties are described Table6. Table7 and
Table8 present the details glality flags (QF)for the VNP46A2/VJ146A2product.

List 2 Datasets in aampleof VNP46A2VJ146A2product

¢ @ HDFEOS
o ) ADDITIONAL
¢ @ GRIDS
¢ @ VNP_Grid_DNB

+ @sta o]

DNE_BRDF-Corrected_NTL

DMNE_Lunar_Irradiance
fi§ Gap_Filled_DNB_BRDF-Corrected_NTL
B Latest_High_Quality Retrieval
B Mandatory_Quality Flag
B OF_Cloud_Mask
i snow_Flag
o= 4 HDFEQS INFORMATION

Table 6 Scientificdatasets included in VNP46A2J146A2daily moonlightadjusted NTL product

Scientific Data Sets Units Description Bit Types | Fill Valid Scale Offset
(SDSHDF Layers) Value | Range | Factor
DNB_BRDFCorrected NTL | nWatts-cm?sf! | BRDF corrected | 16-bit 65,535 | 01 0.1 0.0
DNB NTL unsigned 65,534
integer
Gap_Filled DNB_BRDF nWatts-cm?-sft | Gap FilledBRDF | 16-bit 65,535 | 01 0.1 0.0
Corrected_NTL corrected DNB unsigned 65,534
NTL integer
DNB_Lunar_Irradiance nWatts-cm? DNB Lunar 16-bit 65,535 | 07 0.1 0.0
Irradiance unsigned 65,534
integer
Mandatory Quality Flag Unitless Mandatory quality | 8-bit 255 071 3 N/A N/A
flag unsigned
integer
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Latest_High_Quality_Retrievg Number of days | Latest high quality | 8-bit 255 071254 | 1.0 0.0
BRDF corrected unsigned
DNB radiance integer
retrieval
Snow_Flag Unitless Flag for snow 8-hit 255 071 N/A N/A
cover unsigned
integer
QF_Cloud_Mask Unitless Quality flag for 16-bit 65,535 | O7 N/A N/A
cloud mask unsigned 65,534
integer

! Details ofMandatory_Quality_Flagre shown in Tabl@. ? Details of Snow_Flag are shown in TaBlé Details of QF_Cloud_Mask are
shown in Tablet.

Table 7 Values of the Mandatory_Quality_Flag in VNP46X%2146A2product.

Value Retrieval quality Algorithm instance

00 High-quality Main algorithm Persistent nighttime lights)
01 High-quality Main algorithm (Ephemeral Nighttime Lights)
02 Poorquality Main algorithm Quitlier, potential cloud

contamination or othéssue$

255 No retrieval Fill value

Table 8 Values of the Snow_Flag in VNP46A2)146A2product.

Flag description key | Value | Interpretation

Snow/ Ice Surface 00 No Snow/Ice

01 Snow/Ice
255 Fill value

5.3 The VNP46A3VJ146A3 Monthly and VNP46A4/VJ146A4 Yearly Moonlight-
adjusted Nighttime Lights (NTL) Product

The monthly and yearlgnoonlight and atmosphemrrected NTLcompositeare available at 15 arc
secondesolutionfrom January 201presentThe compositeproduct has 2&yers containing

information onNTL composite, the number of observations, quality, and standard deviation for multi
view zenith angle categories (newadir, offnadir, and all angles) and snow status (swowered and
snowfree)as well adand water mask, platform, latitude, and longitudentents of VNP46A3/A4
(VJ146A3/A4)product are given ihist 2. The detadd VNP46A3/A4(VJI146A3/A4)layerproperties are
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described ifMTable6. Table7 presenthe detailed descriptionf quality flags (QF) br the VNP46A3/A4

(VJ146A3/A4)producs.

List 3 Datasets in asampleof VNP46A3/A4 (VJ146A3/A4) product

¢ ‘@ HDFEOQS
o= 2 ADDITIOMAL
¢ @ GRIDE
o @ WIRS_Grid_DNE_2d
¢ @ Data Fields
ﬁ AllAngle_Cormposite_Snow_Covered
ﬁ AllAngle_Composite_Snow_Covered_Rum
ﬁ Allsngle_Composite_Snow_Covered_Cuality
ﬁ AllAngle_Composite_Snow_Covered_Std
ﬁ AllAngle_Composite_Snow_Free
ﬁ AllAngle_Composite_Snow_Free_Mum
ﬁ Allangle_Composite_Snow_Free_Guality
m All&ngle_Composite_Snow_Free_Std
) DME_PIatform
B Land_wrater_mask
ﬁ Mearkladir_Composite_Snow_Cowvered
ﬁ Mearkladir_Composite_Snow_Cowvered_Mum
ﬁ Meathladit_Composite_Snow_Cowverad_Quality
ﬁ Meartladir_Composite_Snow_Covered_Std
ﬁ Mearkladir_Composite_Snow_Free
ﬁ Meartadir_Composite_Snow_Free_kum
ﬁ Meartladir_Composite_Snow_Free_GQuality
ﬁ Meartadir_Composite_Snow_Free_Std
ﬁ Offtdadir_Composite_Snow_Covered
m Offtdadir_Composite_Snow_Covered_Mum
ﬁ Offtdadir_Composite_Snow_Covered_Guality
ﬁ Offladir_Camposite_Snow_Covered_Std
ﬁ Offbladir_Composite_Snow_Free
ﬁ Offtladir_Cormposite_Snow_Free_Rum
ﬁ Offtladir_Composite_Snow_Free_ciuality
ﬁ Offtladir_Composite_Snow_Free_Std
B 1at
& 1on

o Z4 HDFEODS INFORMATION

Table 9 Scientfic datasets included MNP46A3/A4 (VJ146A3/A4)NTL compositeproducs.

Scientific Data Sets Units Description Bit Fill Valid | Scale | Off
(SDS HDF Layers) Types Value | Range | Factor | set
AllAngle_Composite_Snow | nWatts-cm?-sf! | Temporal Radiance 16-bit 65,535| O 0.1 0.0
Covered Composite Using All unsigned 65,534

Observations During integer

Snowcovered Period
AllAngle_Composite_Snow_| Number of Number of 16-bit 65,535| 07 1.0 0.0
Covered_Num observations Observations of unsigned 65,534
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Temporal Radiance integer

Composite Using All

Observations During

Snow-covered Period
AllAngle_Composite_Snow_| Unitless Quality Flag of 8-bit 255 oh) 1.0 0.0
Covered_Quality Temporal Radiance unsigned 254

Composite Using All integer

Observations During

Snowcovered Period
AllAngle_Composite_Snow | nWatts-cmh?-sf! | Standard Deviation of | 16-bit 65,535| 07 0.1 0.0
Covered_Std Temporal Radiance unsigned 65,534

Composite Using A integer

Observations During

Snow-coveredPeriod
AllAn gle_Composite_Snow| nWatts-cm?-sf! | Temporal Radiance 16-bit 65,535| O 0.1 0.0
Free Composite Using All unsigned 65,534

Observations During integer

Snowfree Period
AllAngle_Composite_Snow_| Number of Number of 16-bit 65,535| 07 1.0 0.0
Free Num observations Observations of unsigned 65,534

Temporal Radiance integer

Composite Using All

Observations During

Snowfree Period
AllAngle_Compogte_Snow_| Unitless Quality Flag of 8-bit 255 (Oh] 1.0 0.0
Free Quality* Temporal Radiance unsigned 254

Composite Using All integer

Observations During

SnowfreePeriod
AllAngle_Composite_Snow_| nWatts-cnh?sf! | Standard Deviation of | 16-bit 65,535| 01 0.1 0.0
Free Std Temporal Radiance unsigned 65,534

Composite Using All integer

Observations During

Snowfree Period
NearNadir Composite_Snow nWatts-cm?-sf! | Temporal Radiance 16-bit 65,535| O 0.1 0.0
_Covered Composite UsindNear | unsigned 65,534

Nadir Angle integer

Observations (View
Zenith Angle 620
degreeDuring Snow
covered Period
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NearNadir Composite_Snow

_Covered_Num

Number of

observations

Number of
Observations of
Temporal Radiance
Composite UsingNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePuring Snow

covered Period

16-bit
unsigned

integer

65,535

(0]
65,534

1.0

0.0

NearNadir

_Composite_Snow_Covereq

_Quality*

Unitless

Quality Flag of
Temporal Radiance
Composite UsindgNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePuring Snow

covered Period

8-bit
unsigned

integer

255

(0]
254

1.0

0.0

NearNadir

_Composite_Snow_Covereq

_std

nWatts-cm?2-sf 1

Standard Deviation of
Temporal Radiance
Composite UsingNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePDuring Snow

coveredPeriod

16-bit
unsigned

integer

65,535

o7
65,534

0.1

0.0

NearNadir
_Composite_SnovFree

nWatts-cm?2-sf 1

Temporal Radiance
Composite UsindNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePuring Snow

free Period

16-hit
unsigned

integer

65,535

o7
65,534

0.1

0.0

NearNadir

_Composite_Snow_Freblu

m

Number of

observations

Number of
Observations of
Temporal Radiance
Composite UsindNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePDuring Snow
free Period

16-bit
unsigned

integer

65,535

(0]
65,534

1.0

0.0
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NearNadir
_Compogte_Snow_FreeQu
ality*

Unitless

Quality Flag of
Temporal Radiance
Composite UsindNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePDuring Snow

free Period

8-bit
unsigned

integer

255

(0]
254

1.0

0.0

NearNadir

_Composite_Snow_Fre&td

nWatts-cm?2-sr 1

Standard Deviation of
Temporal Radiance
Composite UsindNear
Nadir Angle
Observations (View
Zenith Angle 620
degreePuring Snow

free Period

16-bit
unsigned
integer

65,535

o7
65,534

0.1

0.0

OffNadir_Composite_Snow |

Covered

nWatts-cm? st 1

Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePuring Snow

covered Period

16-bit
unsigned

integer

65,535

(0]
65,534

0.1

0.0

OffNadir
_Composite_Snow_Covereq

Num

Number of

observations

Number of
Observations of
Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePuring Snow

covered Period

16-bit
unsigned

integer

65,535

(0]
65,534

1.0

0.0

OffNadir
_Composite_Snow_Covereq
_Quality*

Unitless

Quality Flag of
Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreeDuring Snow
covered Period

8-bit
unsigned

integer

255

(0]
254

1.0

0.0

OffNadir

nWatts-cm?2-sf

Standard Deviation of

16-bit

65,535

(0]

0.1

0.0
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_Composite_Snow_Covereq
_Sid

Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePuring Snow

coveredPeriod

unsigned

integer

65,534

OffNadir

_Composite_SnowFree

nWatts-cm?2-sf

Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePDuring Snow
free Period

16-bit
unsigned

integer

65,535

(0]
65,534

0.1

0.0

OffNadir
_Composite_Snow_Freblu

m

Number of

observations

Number of
Observations of
Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePuring Snow

free Period

16-bit
unsigned

integer

65,535

o7
65,534

10

0.0

OffNadir
_Compogte_Snow_FreeQu
ality*

Unitless

Quality Flag of
Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4060
degreePDuring Snow
free Period

8-bit
unsigned

integer

255

07
254

1.0

0.0

OffNadir

_Composite_Snow_Fre8&td

nWatts-cm?2-sf 1

Standard Deviation of
Temporal Radiance
Composite Usin@ff
Nadir Angle
Observations (View
Zenith Angle 4660
degreePuring Snow
free Period

16-bit
unsigned
integer

65,535

o7
65,534

0.1

0.0

DNB_Platforn?

Unitless

Platform

8-bit
unsigned

255

(0]
254

1.0

0.0
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integer

Land_Water_Mask Unitless Land Water Mask 8-bit 255 of 1.0 0.0
unsigned 254
integer

Lat Degrees_north Latitude 64-bit N/A N/A N/A N/
floating- A
point

Lon Degree east Longitude 64-bit N/A N/A N/A N/
floating- A
point

! Details ofQuality_Flagare shown in Tabl&0.2 Details ofDNB_Platformare shown in Tabl&1.® Details ¢ Land_Water_Maskare shown in
Table4.

Table 10 Values of the Quality Flag in VNP46A3/A% J146A3/A4)product.

Value Retrieval quality Algorithm instance

00 Goodquality The number of observations used for the
composite is larger than 3

01 Poorquality The number of observations used for the
composite is less thar equal ta3
02 Gapfilled Gap filled NTL based on historical data

255 Fill value Fill value

Table 11 Values of the DNB_Platform in VNP46A3/A%J146A3/A4)product.

Value Sensors

00 SuomiNPP

01 NOAA-20

02 SuomiNPP and NOAA
20 combined

255 Fill value

5.4 Examples of the Black MarbleProduct Suite

The BlackMarbleproduct suitasavai | abl e both retrospectively, via
Archive and Distribution Systeiistributed Active Archive Center (LAAD®AAC), and in forward

nearreatti me ( NRT) data streams, v iRaalHiMAChpabilgdy far BOSd, At mo
(LANCE) with alatency ofaboutthree hours. The NRT data are mainly used in response to disasters and

other management applicatiomghich require low latency data access.
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. = Parls, France bR s . e e ¢ . S

Daily Lunar BRDF Adjusted Nighttime Lights (VNP46A2)

0 210 nWeemesr'  <-10

VIRS Nighttime Cloud Mask (VNP35) Mandatory Quality Assurance (QA)

Temporal Gap Filling (Latest Date Observed)
. Main Algorithm I:I Temporal Gap-Filling - .

Confidently Clear -ProbabfyCIeal
L | Probably Cloudy l_ConﬁdeM'vClouw | Outiier Remaval .FillValuelWathixd ¢ ? 216 Days
Figure 4Black Marblepr oduct suite components for a 10A T 10A

region (h18v04; DOY 201591). The fukmoonilluminated and 51% cloudontaminated scene illustrates the
challenges of nighttime cloud masking over srawered surfaes (e.g., the French Alps and the Pyrenees).

Figure4 andFigure5 illustrate the key processing steps used to retrievednighity NTL aspart of

NASA's Black Marble product suite. Cloticee, atmospheri¢c seasona) and moonlight BRD¥feorrected
DNB nighttimeradiancds produced using the nighttime DN&-sensoradiancgVNP46A1), nighttime
cloud mask, aerosol optical depth values, snow status flag;LRB#¢B BRDF model parameters and
albedo values, Pgap, and ypéxel estimates of DNBunar irradiance and corresponding geometries. A
mandatory quality assurance (QAadlis then provided to establish the pigpkcific estimates of

retrieval performance. Note that when the temporalfijlpg routine is called upon, as reported in the
mandatory quality assurance (QA) Flagaljle7), the latest higiguality date observehased on

retrievals using the main algoritins reported as a separate SDS layer. If an outlier is still detected after
temporal gagilling, then the VNP46 algorithm defaults to a monthly climatoldggsed on the most
recenly available moonless high QA values. Thus, through judicious use of the VNP46 product quality
flag, the eneuser can establish whether a particular tempogalfpyfilled NTL value is based on a recent
date or not. This results in a tracealt®onlightadjustedNTL product to assess current versus recent
NTL conditions, while reducing persistent data gaps caused by nighttime clouds, snow, and other
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ephemeral artifacts (e.g., the Aurora Boreati§, Figure5). Figure 6illustrates themonthly (VNP46A3)
andyearly (VNP46A4)NTL composite theassociated the number of valid observations used for the
compositeand quality flaggenerated from daily lunedBRDF-corrected NTL product (VNP46A2) for
tile hO6v05 in 2016.

Aurora Borealis

Bh A A i
Daily Lunar BRDF Adjusted Nighttime Lights (VNP46A2)

- - -~ .
Daily At-Sensor TOA Radiance (VNP46A1) (VNP46A1 - VNP46A2)

210 nWeemssr? 0 5 21‘0 nWeemsr'  <-10 0 210 nWecm%sr'

-

VHRS Nighttime Cloud Mask (VNP35) Mandatory Qu Assurance (QA)

Temporal Gap Filling (Latest Date Observed)
Confidently Clear -ProbabfyCIoar .MalnAlgomhm DT&mpor:lGap-Flllmg _ .
| Probably Cloudy || Confidenty Cloudy | outior Remavat [ it vaue 1 waterpixe 0 1 216 Days
Figuue5VNP46 product suite components for a 10A T 10A Lev.

2013080). The haldmoorilluminated and 30% cloudontaminated scene is shown to capture extraneous light
emissions north of the Gulf of Bothnia caused by the Aurora Borealis.
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Figure 6 VNP46A3 monthly (upper) and VNP46Ayearly (bottom) NTL composite (lefttheassociated number
of observations for the compositifldle) and quality (rightf or a 1 0 A3 tile hOBMDAIn 20565V e |

6 Evaluation and Validation of the Product

The overarching goal of NASA's Black Marldeience product development effort is to achieve a

for eakt hrougho per f o Tahladhy eondugiirgthe folioveing:t(l) loagerm( ¢ f .
stability monitoring of the entire VNP46 algorithm processing chain, including the fundamental (Level

1B) VIIRS DNB time series record, terrafmomected geolocation, stray light correction, and calibration

LUTs; and (2) global quality assessment, uncertainty quantification, and product validation. To assess
progress, we have developed a series of benchmark tests to quantify product performance at
representative spatial and temporal scales. This comprehensive suite of benchmark tests and assessment
metricsaremeant to ensure that variations in VNP46 product perdoice can be identified quickdp

that improvements can be implemented in a timelyifasht also enables the emser to consider the

products in their appropriate context, e.g., by anticipating appropriate noise reduction levels under

specific retrieval conditions.
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Table 9 Key performance metrics established for NASA's Black Marble product suite.

Key performance metrics Threshold Breakthrough Goal

Threshold

Breakthrough

Goal

NTL detection limit (Lmin)

3.0 nW-cm?sr't

0.5 nW- cm?sr?

0.25 nW- cm?sr?!

NTL robustness (LO)

+3.0 nW-cm?sr!

+0.10 nW-cm?sr!

+0.05 nW-cm?sr!

Stray light error

0.45 nW-cm?sr'!

0.25 nW-cm?sr'!

< 0.1 nW-cm?sr?!

Spatial resolution 742m (£5%) 500m (£5%) 0200m (N5
Temporal resolution Monthly Daily Hourly
Geolocation uncertainty 133m 50m 20m

A series of benchmark tests were designed to quantify errors inherited from the upstream products (i.e.,

VIIRS calibratedradiance cloud mask, aerosol retrieval, etc.), provided a relative assessment of NTL

product performancd.he initial validation redis are presented together with example case sttldies

are availablen related publications imection 10To establish the absolute accuracy of the final NTL

retrievals, one must also assess the NTL products against an independent source of deference

Unfortunately, qualityassesseih situ NTL measurements are not widely available; let alone, at the

spatial and temporal densities necessary to capture the full range of retrieval conditions. Recent NASA

Black Marble product validation efforts hatherefore focused on developing guidelines for accuracy

assessment of NTL products through a number of intemeltinitiatives

Figure7 showsan example of the accuracy assessment of NTL products thadigith experimenatthe
Pitahayadarmland site in Cabo Roj&®R.During the night of 2 March 2017, @2:00 local timethe

Puerto Rico's Working Group on Light PollutilRWGLP team conducted a validation experiment at
s t a b 12 kamipedian tatget © genarate@rband s

the Pitahaya site. A

DNB radiance at sensor of ~0.45nW!érar 1. Additional SkyQuality Meterinstrumenidata

recordingqFalchi et al., 20168Kyba et al., 2011Kyba et al., 2013Schnitt et al., 2013) with specialized

filters matching the VIIRS relativepectral rgsonse, as well as atmospheric measurements from nearby

Aerosol Robotic NetworKAERONET) sunphotometergHolben et al., 1998) were used to

characterizetmospheric conditions.
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Pitahaya Farmland Site (Cabo Rojo, Puerto Rico)

VNP46A2

1-Mar-17| 1.04 215 0 (2790 0.180 | 0.104 | 158.26"
2-Mar-17| 7.65 6.22 0 (8520°| 0210 | 0.090 | 145.26
3Mar-17 341 1.62 0 |4054°( 0.108 | 0.104 |12964°

0.0 2 1.0 nWecm-Zsr!

Figure 7 The NTLradianceat the Pitahayéarmland site in Cabo Rojo, PR on 1st, 2nd and 3rd March 2017. The
top-right image shows the setup of the stable point source. TOA and VNP46A2 values are in%af/*cm
VCM = 0 represents c llumarzknith ange andtheevaluyesalargerahmn 108° Zokesporsd to

moonless nights.

The validation approach follows the assessment method first descriGad isnd Ba{2014), which

relies onquantitative analysiand stability monitoring of stable lighbmt sources. We used the

following parameters to generate oadiative transfecalculations: (1) atmosphericr ans mi t t ance =
(based on 6S radiative transfer code and AERONET
total effectiveirradianceincident on the reflective surface. Result§igure7 also illustrate how the

detected VIIRS asensor clougtorrected radiance{ TOA) and VNP46A2 estimates over the pixel
centered on the reflective poi nbresakurhae uwgeroe rweiqtuh |
specifications for the NTL detection limltmin ( 0 . 4 8m' ?rsAdjlafter removingoackground

noisemeasured the days prior and after activation of the stable light point sources. We found that the final
VNP46A2 product resulted in a 16.95% sensitivity enhancement (daduoe background noise), as

confirmedin previous benchmark tests, compared to tkseasor clougtorrected radiance product

(TOA) under observed moefnee conditions.
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7 Data Archives
The VNP46 suite obperationaproductsarearchived and supportddy N A BAADSDAAC data

centerhttps://ladsweb.modaps.eosdis.nasa.gov/

The VNP46 suite ofiearreattime products witta latency ofaboutthree hourg@reavailableat theNASA
LANCE: NASA NearReattime Data and Imageittps://earthdata.nasa.gov/eaothservatiordata/near

reaktime.

8 Data Usage and CitationPolicies

Please find detailed information about howut® and how toite the datanthe webpage

https://modaps.modaps.eosdis.nasa.gov/services/fag/LAADS UBat&itation Policies.pdf

9 Contact Information

Principal Investigator: Dr. Miguel O. Romam(oman@usra.equ

Science Principal Investigator: Dr. Zhuosen Waztgupsen.wang@nasa.gov
NASA Official: Dr. Virginia L. Kalb {irginia.l.kalb@nasa.ggv
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